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(54) PRODUCTION OF SIC SINGLE CRYSTAL 

(57)AbstraGt: 

PURPOSE: To grow SiC single crystal superior in a 
crystalline property by using high purity Si and C as the 
raw materials, in the growth of the SiC single crystal 
using a sublimating recrystallization method. 
CONSTITUTION: When the SiC single crystal is grown 
by a sublimating recrystallization method using starting 
crystal, Si 2a and C powder 2b or porous graphite 2c are 
used as the raw materials and the Si 2a and C powder 
2b or the porous graphite 2c are reacted to produce the 
SiC 2, and the SiC is sublimated and the SiC single 
crystal is grown on the starting crystal 1 . Thus, an 
impurity from the raw materials is prevented and the 
crystalline property of the SiC single crystal, uniformity 
and reproducibility are enhanced. 
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* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely, 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of the silicon carbide single crystal characterized by 
including the process which silicon and carbon are made to react and forms silicon carbide, and 
the process which sublimates the above-mentioned silicon carbide and forms a silicon carbide 
single crystal on seed crystal. 

[Claim 2] The manufacture approach of the silicon carbide single crystal according to claim 1 
characterized by for the temperature of the process which forms the above-mentioned silicon 
carbide being 11 50 degrees C or more 1800 degrees C or less, and a pressure being 200 or more 
Torrs. 

[Claim 3] The manufacture approach of a silicon carbide single crystal according to claim 1 that 
bulk specific gravity is characterized by 1.0 or less graphite block or particle size using carbon 
powder 10 micrometers or less as the above-mentioned carbon. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the approach of growing up the hexagonal silicon 

carbide single crystal which used the sublimation recrystalllzing method. 

[0002] 

[Description of the Prior Art] Silicon carbide (SiC) is a semiconductor material which has large 
forbidden-band width efface (2.2-3.3eV). Moreover, silicon carbide is very stable thermally, 
chemically, and mechanically, and has the outstanding description that it is strong also to 
radiation damage. On the other hand, the component using a conventional semiconductor 
material like silicon is especially difficult to use it under severe conditions, such as an elevated 
temperature, a high power drive, and radiation irradiation. Therefore, application in a field with the 
semiconductor' device extensive as a semiconductor device which can be used also under such 
severe conditions using silicon carbide is expected. 

[0003] However, the crystal growth technique which can supply the silicon carbide single crystal 
of the high quality which has a large area to stability on a scale of industrial is not yet 
established. So, the utilization is obstructed although silicon carbide is a semiconductor material 
which has the advantage and possibility of above many. 

[0004] Conventionally, on a scale of laboratory extent, the silicon carbide single crystal was 
grown up by the sublimation recrystalllzing method (Rayleigh law) for using silicon carbide 
powder, for example, and the silicon carbide single crystal of the size which can produce a 
semiconductor device had been obtained. However, the area of the single crystal obtained by 
this approach is small, and it is difficult to control that dimension and configuration with high 
precision. Moreover, control of the crystal polymorphism which silicon carbide has, and impurity 
carrier concentration is not easy, either. 

[0005] Moreover, the cubic silicon carbide crystal is grown up by carrying out heteroepitaxial 
growth on different-species substrates, such as silicon, using chemical vapor deposition (CVD 
method). Although the single crystal of a large area is obtained by this approach, It is not easy 
only for the silicon carbide single crystal which includes many defects by a certain thing etc. (- 
107-/cm2) to be able to grow, but for grid mismatching with a substrate to obtain the silicon 
carbide single crystal of high quality about 20%. 

[0006] advanced Rayleigh who uses silicon carbide powder and seed crystal and performs the 
sublimation recrystalllzing method in order to **** these troubles — law is proposed 
(Yu.M.Tairov.andV.F.Tsverkov.J.Crystal Growth, 52 (1981), pp.1 46-1 50). If this approach is used, 
a silicon carbide single crystal can be grown up controlling a crystal polymorphism and a 
configuration. 
[0007] 

[Problem(s) to be Solved by the Invention] by the way, conventional advanced Rayleigh — as the 
silicon carbide powder used for law — as the object for abrasives — ACHIESON — although the 
powder manufactured by law is used — ACHIESON — the powder manufactured by law contains 
many impurities, such as aluminum, titanium, and vanadium. Moreover, it is large-sized and it 
necessary to grind for use as a raw material, and an indeterminate mold and since the degree of 
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hardness of silicon carbide is large, as for the silicon carbide nnanufactured by the ACHIESON 
method, impurity mixing from a grinding fixture also becomes a problem. 

[0008] The place which this invention solves the above-mentioned conventional trouble, and is 
made into the purpose is to offer the manufacture approach of a silicon carbide single crystal 
that a good silicon carbide single crystal can be manufactured with sufficient repeatability. 
[0009] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, this invention 
is based on the manufacture approach of the silicon carbide single crystal characterized by 
including the process which silicon and carbon are made to react and forms silicon carbide, and 
the process which sublimates the above-mentioned silicon carbide and forms a silicon carbide 
single crystal on seed crystal. 

[0010] Moreover, this invention is an approach characterized by for the temperature of the 
process which forms the above-mentioned silicon carbide being 1 150 degrees C or more 1800 
degrees C or less, and a pressure being 200 or more Torrs. 

[001 1] Moreover, this invention is the approach that bulk specific gravity is characterized by 1.0 
or less graphite block or particle size using carbon powder 1 0 micrometers or less, as the above- 
mentioned carbon. 
[0012] 

[Function] By according to this invention, using the silicon and carbon with an available raw 
material of a high grade as a start raw material, making silicon and carbon react, forming silicon 
carbide, sublimating this silicon carbide, and growing up silicon carbide on seed crystal, the 
defect resulting from an impurity is prevented and the good silicon carbide single crystal 
excellent in crystallinity can be grown up with sufficient repeatability. 
[0013] 

[Example] Hereafter, the manufacture approach of the silicon carbide single crystal of this 
invention is explained to a detail based on an example. 

[0014] drawing 1 (a) is drawing showing cross-section structure of manufacturing installation of 
silicon carbide single crystal concerning example of this invention, and using seed crystal 
advanced type [ equipment / this ] Rayleigh — a silicon carbide single crystal can be grown up 
by law. 

[0015] Drawing 1 (b) is drawing showing the cross-section structure of the crucible at the time 
of manufacture initiation of the silicon carbide single crystal concerning the example of this 
invention, and drawing 1 (c) is drawing showing the cross-section structure of the crucible at the 
time of manufacture initiation of the silicon carbide concerning other examples. The silicon 
carbide which, as for 1 , the silicon carbide single crystal substrate reacted, and, as for 2, silicon 
and carbon reacted here, and was formed, 2a — silicon and 2b — carbon powder and 2c — a 
carbon block and 3 — the crucible made from a graphite, and 4 — in the crucible lid made from 
a graphite, the bearing bar of the product [ 5 / 6 / a duplex quartz tube and ] made from a 
graphite, and 7. a branch pipe, and 10 and 12 show the chamber made from stainless steel, and, 
as for FERUTO made from a graphite, and 8. 1 3 shows the vacuum pump, as for a work-piece 
coil, and 9 and 1 1 . 

[0016] Although crystal growth is performed using the manufacturing installation of drawing 1 (a), 
on the silicon carbide single crystal substrate 1 used as seed crystal, crystal growth makes the 
silicon and carbon which are a raw material react, forms silicon carbide 2, and is performed by 
carrying out sublimation recrystallization of the silicon carbide 2. The silicon carbide single 
crystal substrate 1 of seed crystal is attached in the inside of the crucible lid 4 made from a 
graphite. As shown in drawin g 1 (b) or dr awin g 1 (c). the interior of the crucible 3 made from a 
graphite is filled up with the silicon and carbon of a raw material. Such crucible 3 made from a 
graphite is installed in the interior of the duplex quartz tube 5 by the bearing bar 6 made from a 
graphite. FERUTO 7 made from a graphite for a heat-shield is installed in the perimeter of the 
crucible 3 made from a graphite. Moreover, the work-piece coil 8 is wound around the periphery 
of a duplex quartz tube, by passing the high frequency current to each, the crucible 3 made from 
a graphite can be heated and a raw material and seed crystal can be heated to desired 
temperature, respectively. The chamber 1 0 made from stainless steel equipped with the branch 
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pipe 9 used as the input of gas is formed in the upper limit of the duplex quartz tube 5. The 
branch pipe 1 1 and vacuum pump 13 used as the exhaust port of gas are connected to the 
chamber 1 2 made from stainless steel, and the interior of the duplex quartz tube 5 can be 
exhausted to a desired degree of vacuum. 

[0017] Next, manufacture of the silicon carbide single crystal using such crystal growth 
equipment is explained concretely. 

[0018] The 1st example is explained based on drawin g 1 (a) and drawin g 1 (b). 
[0019] First, the substrate 1 with which growth side bearing consists of a silicon carbide single 
crystal of the hexagonal mold which is a direction (0001) as seed crystal was prepared. And this 
substrate 1 was attached in the inside of the crucible lid 4 made from a graphite. Moreover, the 
interior of the crucible 3 made from a graphite was filled up with silicon 2a of a high grade, and 
carbon powder 2b as a raw material. As silicon 2a, it was granular and grain size used [ purity ] 
that whose purity is 4Ns by 1 0 micrometers as carbon powder 2b of no less than 5 Ns according 
to the letter of 2-5mm crushing. Subsequently, the crucible 3 made from a graphite filled up with 
the raw material was closed with the crucible lid 4 made from a graphite furnished with seed 
crystal, and was installed in the interior of the duplex quartz tube 5 by the bearing bar 6 of a 
graphite. It covered with FERUTO 7 made from a graphite around the crucible 3 made from a 
graphite. And argon gas (Ar) was passed inside the duplex quartz tube 5 from the branch pipe 9 
of the chamber 10 made from stainless steel as a controlled atmosphere. The flow rate of Ar gas 
was set as a part for 1 1./. Next, it was made for the temperature gradient of silicon 2a, the raw 
material of carbon powder 2b, and seed crystal 1 to be lost because the temperature of silicon 
2a and carbon powder 2b adjusts the location of crucible as 1 700 degrees C and a work-piece 
coil by adjusting a sink and the high frequency current for the high frequency current in the 
work-piece coil 8. Silicon and carbon react by holding in this condition for 2 hours, and silicon 
carbide 2 is formed. Then, the high frequency current is adjusted, the location of 2150 degrees 
C, a work-piece coil, and crucible is adjusted for the temperature of seed crystal, and the 
temperature of silicon carbide 2 is set as 2200 degrees C. Next, the interior of the duplex quartz 
tube 5 was decompressed using the vacuum pump 13. It carried out gradually, having applied 
[ this ] it for 20 minutes from atmospheric pressure to -30Torr, and it was held with the degree 
of vacuum of 30Torr. By holding in this condition for 5 hours, the silicon carbide single crystal 
with a thickness of about 5mm grew. 

[0020] Thus, when the obtained silicon carbide single crystal was analyzed by the X-ray 
diffraction method and Raman spectroscopy, it turned out that the hexagonal silicon carbide 
single crystal is growing. The grown-up crystal is more uniform than a seed crystal top to a 
growth maximum front face, and there are also few defects (102cm-2 following) and it is 6H form 
silicon carbide single crystal of high quality. 

[0021] Although the shape of a 2-5mm grain was used by this example as a silicon raw material 
to be used, the object of other particle size may be used. However, if particle size is not much 
small, the amount with which it is filled up in crucible will decrease, and the grown-up silicon 
carbide single crystal becomes small. Moreover, it is 10 micrometers although the 1 0-micrometer 
object was used as carbon powder. If the above carbon powder is used, only the front face of 
carbon powder reacts with silicon, and enough silicon carbide raw materials cannot be formed. 
Moreover, the silicon carbide single crystal which the amount with which it is filled up in crucible 
decreased when the particle size of carbon powder was extremely small, and grew becomes 
smalt and is not practical. 

[0022] Although the conditions of 1 700 degrees C and atmospheric pressure were used for 
making silicon and carbon react in this example, the conditions of 1 150-1800 degrees C and 
atmospheric pressure are used. Below 1 1 50 degrees C. it does not happen, but sublimation of 
the silicon carbide which 1800 degrees C or more or a pressure reacted on the conditions of 200 
or less Torrs, and formed takes place to coincidence, and silicon and a carbon Mr. reaction 
cannot perform control of a crystal polymorphism. 

[0023] Moreover, if the silicon carbide powder formed by the ACHIESON method as a raw 
material is used, a defect will increase with an impurity (104cm-2 above), and crystallinity will 
also worsen. Moreover, a transparency property also worsens by absorption by the impurity, and 
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the good silicon carbide single crystal for substrates cannot be grown up. 

[0024] Next, the 2nd example is explained based on drawing 1 (a) and drawing 1 (c). First, it was 
filled up with silicon 2a of a high grade and graphite block 2c used as a raw material. As silicon 
2a, bulk density used [ JIS grain size ] the porosity graphite of 0.5 as #300 and graphite block 2c. 
The crucible 3 made from a graphite filled up with these raw materials was closed with the 
crucible lid 4 made from a graphite which has not attached seed crystal, and was installed in the 
interior of the duplex quartz tube 5 by the bearing bar 6 made from a graphite. It covered with 
FERUTO 7 made from a graphite around the crucible 3 made from a graphite. And Ar gas was 
passed inside the duplex quartz tube 5 from the branch pipe 9 of the chamber 1 0 made from 
stainless steel as a controlled atmosphere. The flow rate of Ar gas was set as a part for 1 1./. 
Moreover, it adjusted so that the temperature of sink silicon carbide powder might become 1800 
degrees C in the work-piece coil 8 about the high frequency current, and it held for 360 minutes. 
Silicon and a porosity graphite react by this processing, and silicon carbide 2 is formed. Then, 
the substrate 1 with which growth side bearing consists of a 4H mold silicon carbide single 
crystal of the hexagonal mold which is a direction (0001) as seed crystal was prepared. And this 
substrate 1 was attached in the inside of the crucible lid 4 made from a graphite. 
[0025] Next, the crucible 3 made from a graphite filled up with the raw material was closed with 
the crucible lid 4 made from a graphite furnished with seed crystal, and was installed in the 
interior of the duplex quartz tube 5 by the bearing bar 6 made from a graphite. It covered with 
FERUTO 7 made from a graphite around the crucible 3 made from a graphite. And the nitrogen 
gas for argon gas (Ar) n mold impurity addition (M2) was passed inside the duplex quartz tube 5 
from the branch pipe 9 of the chamber 10 made from stainless steel as a controlled atmosphere. 
The flow rate of Ar gas and N2 gas was set as a part for part 0.8 cc/for 1 1./, respectively. 
Moreover, it adjusted so that the temperature of the sink substrate 1 might become the work- 
piece coil 8 and the temperature of 2200 degrees C and silicon carbide 2 (b) might become 2300 
degrees C about the high frequency current. Then, while adjusting the flow rate of Ar gas, the 
interior of the duplex quartz tube 5 was decompressed using the vacuum pump 1 3. It carried out 
gradually, having applied [ this ] it for 60 minutes from atmospheric pressure to 1 0Torr(s), and it 
was held with the degree of vacuum of lOTorr for 6 hours. By holding in this condition for 8 
hours, the silicon carbide single crystal with a thickness of about 8mm grew. 
[0026] Thus, it is an X-ray diffraction method about the obtained silicon carbide single crystal. 
When analyzed by Raman spectroscopy, it turned out that 4H mold silicon carbide single crystal 
of the hexagonal mold whose growth side bearing is a direction (0001) is growing. A growth rate 
is n mold silicon carbide single crystal whose resistivity it is I.Omm/o'clock and is 0.1-ohmcm. A 
transparency property is also good and homogeneous and a defect is also the n mold 4H form 
silicon carbide single crystal of high quality few (2 or less [ 102cm - ]). 

[0027] Although bulk density used the object of 0.5 as a porosity graphite in this example, bulk 
density has little silicon 1 .0 or more, and growth of a subsequent silicon carbide single crystal 
cannot do the silicon carbide with which it did not enter into the porosity graphite, but the 
reaction was formed only on the front face. 

[0028] In addition, this invention is not limited to the above-mentioned example, but various 

modification is possible for it within a claim. 

[0029] 

[Effect of the Invention] As explained to the detail above, according to this invention, the 
crystalline and homogeneous outstanding good silicon carbide single crystal can be grown up 
with sufficient repeatability. Moreover, if a silicon carbide single crystal is grown up on this 
substrate by the vapor-phase-epitaxial-growth method, using the silicon carbide single crystal 
obtained by this invention as a substrate for growth, optical and the silicon carbide single crystal 
excellent in electrical characteristics will be obtained. Therefore, the silicon carbide semi- 
conductor substrate equipments (for example, a field-effect transistor (FET), a phase 
amendment metal-oxide-semiconductor integrated circuit (C-MOS), various power components, 
etc.) excellent in the blue light emitting device excellent in the optical property and electrical 
characteristics can be manufactured. And since the above-mentioned silicon carbide single 
crystal can be obtained with sufficient repeatability, optical and the various above-mentioned 
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silicon carbide semiconductor devices excellent in electrical characteristics are producible with 
the sufficient yield on a scale of industrial. 
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♦ NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This docunnent has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] (a) It is drawing showing the cross-section structure of the manufacturing 
installation of the silicon carbide single crystal concerning the example of this invention. 

(b) It is drawing showing the cross-section structure of the crucible at the time of manufacture 
initiation of the silicon carbide single crystal concerning the example of this invention. 

(c) It is drawing showing the cross-section structure of the crucible at the time of manufacture 
initiation of the silicon carbide single crystal concerning other examples of this invention. 
[Description of Notations] 

1 Silicon Carbide Single Crystal Substrate (Seed Crystal) 

2 Silicon Carbide 
2a Silicon 

2b Carbon powder 
2c Carbon block 

3 Crucible made from Graphite 

4 Crucible Lid made from Graphite 

5 Duplex Quartz Tube 

6 Bearing Bar 

7 FERUTO made from Graphite 

8 Work-Piece Coil 

9 11 Between branches 

10 12 Chamber made from stainless steel 
1 3 Vacuum Pump 



[Translation done.] 
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